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RENILLA LUCIFERASE AND GREEN FLUORESCENT PROTEIN FUSION GENES 
CROSS-REFERENCE TO RELATED APPLICATIONS 

The present Apphcation is a International Application corresonding to United 
States Patent Application 08/771,850, filed December 23, 1996, entitled "The Construction 
and Expression of Renilla Luciferase and Green Fluorescent Protein Fusion Genes"; and is a 
Cominuation-in-Part of United States Provisional Patent Application 60/027,657, filed October 
4, 1996, entitled "The Construction and Expression of Renilla Luciferase and Green 
Fluorescent Fusion Genes in E. coli and Mammalian Cells," the contents of which are 
incorporated herein by reference in their entirety. 

BACKGROUND 

Green Fluorescent Protein (GFP) is a light emitting protein purified from the 

jellyfish Aequorea victoria. GFP can emit green light by accepting energy transfer from 

sources that include exogenous blue light and 7?mi//a luciferase catalyzed reactions, The gene 

5 for GFP was cloned and its cDNA is a powerful reporter gene in a variety of living, systems, 

including bacteria, fungi, and mammalian tissues. The UV light stimulated GFP fluorescence 

does not require cofactors and the gene product alone can be sufficient to allow detection of 

living cells under the light microscope. 

By modifying the wild type GFP protein, red-shifted GFP variants with bright 

10 ' emission have also been produced. These variants include EGFP, GFPS65T and ^GF. 
- Recemlyi-GFPWf^xpiessetHn^ 

Visualization of protHd'trdtf^oH the sefcWtbri^ i*athv^ay using green fluorescent protein. 
• " FfeBS-L6ti.. i^95 j 3«gr26T^71 . • •■Hiiiftaiftted" GFP w2s- synthesized: with; nucleotide, changes 
ihai'aia'noi <^ange the amino tf^_.scqtte*iccs with one exception, . - 
15 ;2em/to luciferas?,i|^an eh?yme purified i^m^eni% reniformis. The^^enzyme:.^ 

catalvis th/bxidatived6darb0xylation»f coelenteraiine'in the pr«ence of. oxy gen io .produce 
gliie::iieht wijh an enuMW«?f»gth%axiinuin of 478 nm? In Renilla reniformis cells, . 
"■""hoover, th^s- reaction is shifted'ii^ward^the green with a %ayj:lengfti. maximum of 510 nm due 
■ ■•^ • f6"%n:^nergyC'<ransfer to a Green;Fjuorescent Protein. - ■ ^ 

i The gene fox^i^ luciferase {rue) was clOfied ar^ its cDNA was-shown to be 
uSiifas a liponer gene inl^iSus living systems..D JC^:;mshei^V.K. Eckenrpd^. W.W. ' 
Ward, F.G. Prendergast, M-J^C-drmiefl Primary .smicmre,©f yh^ Aequorea victona green- 
• fluorescent protein. Geri^-l 519^:1 11:^9-33. By providi^>ppi§riate promoters the 
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J - ..cQHA' a^>gen&.casseaes,-ihe^gene in^bacteria, transformed plant cells and 

mammalian cells. The high efficiency of Renilla luciferase is a usefuj^tr^it as a marker 
• * enzyme for gene expression smdies,. . . . 

. - . :Given the. properties of GFP and luciferase, it would be useful to have a 
5 single protein; combimngah^ functions of bo^jti;/?em7/i3 Juciferase e^ and GFP to monitor 
gene expression quantitatively by UV light excitation or qualitatively by enzyme activity 
measurements. - , i,, . . - 

.-: .... .si^P-:^- SUMMARY 
.^According to.one embod of the present invention, there are provided 
10 . fusion gene constructs comprising the cDNA of Renilla luciferase and the cDNA of the 

"humanized" Aequorea green fluorescent protein. The hision gene constructs were used to 
: transform both prokary otic and. eukary otic cells. ,One construct vvas expressed as a polypeptide 
having a molecular -weight oLabout.65,kD.a., This paly pep tide,, the "Renilla-GFP fusion 
protein," was bifunctional, displaying both.. tl^ luciferase activity of Renilla luciferase and the 
15 green fluorescence ^o^^f Gf {^^.^^.The Re-nUla-^^^ gen.e is useful as. a double marker for 

.. monrtoring gene .e:xpiessip^ iiv living anjl q^anlitatjyely by enzymatic activity, 
v: ' r T:he ipye^iign^ipcludes a protein comprising a j)plypeptide halving both 
:'r { luciferase and^ GFFractiyities, ,pr bioJpgic^Uy actiy^e variants of a polypeptide having both 
r . kiciferase r^ndrGFPH.qr a.prQteinxecogmzed by a.mpnqclonal antibody having affinity to the 
^rv jpaiypeptid&^iaving^bothjucif erase. and ,pF^^ The polypeptide can be made by 

v.i;recombinant/i)NA'methp^^ ^ ; = v . , 

The inveiTitipn, further includes. a high affinity monoclonal antibody that 
ininiunoreacts: with; the polypeptide. The. antibody pan have an Fc portion selected from the 

: r r group consisting of the lgM- class,.,theJgG Glass^and the leA class. The invention also 

. * . r jjfii:'>p La;: ■oVi.-..'!'ni>LL 

includes a high affinity^monoclonal. antibody that, ijnm^noreacts with.a poiypeotide havinc both 
luciferase and GFP aetivities.f . . ..^ , - 

The ir4yentionrfurLhe.r; -includes a j:>olyruic|eo^jd^ ^,egiie|>ce cording for a 
polypeptide? hayingct^oth: luciferase and, GFP act;yiiie^s,| or its poinpjementary strands, and a 
polynucleotid(^^s.equence that hybridizes to.such^a sequence and that codes on expression for a 
30 polypeptide having' both lucifer^sej^and.GFR activities,, or its coippjementary strands. 
: : : ^ - •:: The; invention ftirtjier i^^ 
^. comprising a polynucl.eotide,pGyding for a polypeptide, having ,b^Qth Juciferase and^ 
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• activities. c)Fy^Spleftientar?ytF^a^."Th^;pOlyn^ 

The invention funher includes a vector cbnfaining-ff T5N-A-m61eGiile coding for a 
'■' polypeptia^^ having both lucifSfa^rand Gi^P Tfie^pblynucleotide can comprise the 

' sequence as set forth in SEQ" ID NO:!' ' 'Th^ vector can WiiseU 4^^^ orv 

transiently transfect a host ceil. .-■■■> <- •- 

The invention further includes a method of making a polypeptide having both 
luciferase and GFP activities. The method comprises the steps of, first, culmring a 
' ■ microorganism transfomied with a polynudfeo'iiide vbctorcbntaihing'a gene cassette coding for 
) a polypeptide having both luciferase and GFP activities. ^NexlV 'thd' polypeptide having both 

'luciferase and GFP acirvitiek is rec • ^ ■ - ' 

r - • ■ ' -j^ ih^^ention further' includes a method of quahtifymg promoter activations and 

g¥?P nb&Hen^-bi^^^^ 

■ ''o/providiilg'triepolype^^^^ ' 'k . 

5 . • - The inventibh-mtmgr'ini^^^ a monoclonal amibody that 

immunorea'a^ witri^^ polyp^pti& ■The method 

ay^npz^^^^^W-^^ administering to' S host a pdlype^,tide haviiig both luciferase and 
gpP activiiiel^ i'n an^^^^ sufficWht t6' iriiuce th^ productibri'bf aiitS^Sdies to^the polypeptide 

""^'"fSi^i^&^ssSSj^^ 
10 -'frS^iheiiost- '^-i&M ^yiridl W!i^d%tusiiig^«fe:-^^ to-celik 
capable of substantially unlimited reproduction. Then, the hybi-Ms-are. diltured;. Next^ ^ 

ni^OlSlo^ki^ariiifeSlM^ 

c-i^-r^^ ^ 'inveriiioh'ftfnhe? i^dliidesS' method of m(^ 
^qu^mitiilV^ly qii&dyci/^ ^^e^li us&ig a^gene fmibi^tenStruc^codlng.fbt a po^peptide 
25' "hykg'^othl^fi^^^ method-eewftpfiseS th^ steps of. first, providing 

a gene fusion construct coding for a polypeptide having bbth Rfe-Mla luciferase and. GFP 
a'ctrvit)^:''*i^^xt:m^gfe^ie'i^^^^^ '^^'^'^'"^"s 
' 'theTgrhe' Sri'd^fe'dlk rhkint^Wedih*i¥anner alfdwihgUhe^^^ 
" po?^^^tide:-Tirehf^^^^ 

30 c^^lTAi^Ude'a '^o'lyhM^^ sl^t- fbrth AnP'SEQ ID NO:l^.i'. ".^ - " ; - . 

VanfJt'^i^elVkHa-quSli 
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havij>g.,both luciferase.ai^^ steps of, first, providing 

a gene.fiision^construct coding for a. polypeptide having,. both luciferase and GFP activities. 
... Next, the gene fusion cQnstmctJs introduced. into the cell. Then, the cell containing the gene 
fusion construct is maintained in a manner allowing the cell to express the polypeptide. Next, 
5 the cell is measured for luciferase and-flyo^^escent activity. 
• ■ . : V.-. .jOGURES 

. : . These and other features,, aspects and advantages of the present invention will 
become better under^tpod with re^ga^d to the following description, appended claims, and 
accompanying .figiires^^wheje; , j 
V . ' Figure .1 is a schematic diagram, showing the construction of a Renilla luciferase 

and "humanized" GFP fusion gene cassette according to the present invention for gene 
expression in E, co{i where "RG," top, is the fusion gene cassette with the Renilla luciferase 
coding sequenceXruc),at,the 5* terminus, and "GR," bottom, the.ftision gene cassette with 
^ the GFPxoding^seqiience.(gfp^X^ , . . ... t. 

15 -^ ^ , ; Figure, 2.,is a schejma^^^^^ 

. and "hiinianized" GlfP f^iision gene. cassette .aiccording to the present invention for gene 
-^expression in mammalian ce}Is where "RQ," toj),. is the fusjpn.gene cassette with the Renilla 
: luci|er^se coding sequence (rue) at the 5 termini is, and "GR," bottom, is the. fusion gene 
/ ^M .; qassette,\vith:,the GFP coding 
20:: :i , : ,:::i'A'0 Figure 3 Js. a map of the^p^^^ 

,y gene construct inrE.^^cpli (top) ajidl xhe <GR ;gene, construct in cpli, (bottom); ... _ 
/ <*:^: . rrFig^re '.4-is ^.^ap-qf the^plasriiids used for cloning and expression of the RG 
3 -.gene con5t,ruct:^ in mammalian systems. (tpp)^ai;id the GR. gene construct in manmialian systems 
.--'(bottom);-^ ; n-.^-- ; . .. . . . v. 

25 : , ; : ; 5 are photomicrographs^ o 

fluorescence microscopy and fluorescent^ . 
: ? . - Figurp 6.are bar: graphs of luciferase. activity ofAe. fusion gene constructs in £. 

coli (top) and mammalian cells (bottom); ^- 
'~ r . - : :5^igure; 7„iS;a spectroscqpic m 
30 : , activity Jn E, co//i{^.,j ^ , ^ . . .... . . . 

/ ' . . i . M . .'Figure 8 . js^ a Westeni^blot showing the deteptipp of fiisiop gene, expression in E. 
; CO// using anti-/?em/^^^ -.m - . 

4 
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= •-'1'-'^ -Figure 9 are pKc^^ 

nuorescinceimieaiiaiy^s the'expressioh of the RG-fusibh 'gene:' aiid^ 

' ■ ■' ' Figur^i'O are phdtomi^^^^^ 

■ an^iysis demonstraiing the Vxi)ressi6^^ 

According to one enibodimem of the present invention, there is provided a 
• '• fusion gehe comprisiiig the tbNA tif ReMta lucifetase 'and the'cD^J'A of the "humanized" 
y4e(7Morea green fliibresceh^ According t¥^riotW emi)6diment of the present 

invention, there is provided a single polypeptide that exhibits both '^e/JiZ/a luciferase and GFP 
10 activities. This bifunctional polypeptide can facilitkte th^^ 

"the single cell' ievei: 'in cell culnires. trarisforiked tissues and' brbans based on fluorescence of 
■ ^ •thVpolyi>eptide; 'At thesamk time, the polypeptide 6an also be used to quantify promoter 

■ ' 'ktivaiions an^^ ' " 

The cDN A of ReniUa'ViW^ 

rs'-' lucce^^^^ 

WvW'. McCaniii R-OTi^'LongiaruTM.' iilid'febrmier^M JV 1^^ and^'^'xpressibn of a cDNA 
tncodiiigMnmr^ririis luciferase/ P^c:' Nktil^Aciatf? Sti."OSA^^f991;^88:4438-4442; 
-^Mayefhbf^r;R:rUngfidge.#^H:RV 
recombinant ^e/ii/Wlucif^rs4e in ti^ahsgerffcVi^ '^^^ 

2^ ' "'^'piam MrnaT r^^i^^TfYdsil^ibSSr^i^^ar^f W O'Kane. D.J vHua?:: 

D , EscherV A. ' AVszalaf ; A'^aI" Ixpfessioh-'bfthe RemW reniformii lu'eifefiase gene in 
rHkmm'^lian celTs? iV'Bi^ruitiin: Chemiluminr i99S?"l i':31-37:'^^ herein by 

re&de'iii'tiieif'bhti^yf S^U^ expressioh-&f GVeef^Fluofescent-Protein 

(GFP) cDNA from Aequorea victoria resulted in high levels of GFP in transformed cells that 

^iy " ■ "'-alloWea'coiiVen^^ See, for example, 

Chi\^ -Gree^i^ fluorescent 

• -•^••"•fPoteiri'i^ £'i{fafkef-'f6?ge'ri^^ 263^:S02i805, incorporated herein by 

reference m Its entirety. 

i"--' ■ ■ - '■ '■'"'■'^^ genes from the cDNA 

30 of Renilla (rue) and the cDNA of the "humanized" Aequorea GFP ^Cgfph) • 'A description of 
;-j > -h^rniniied''^^^^^^ iH Zolotukhin, S , Potter. M., 

and Huasv^irth, W.W., Guy, J., and Muzyczica. Nf^^'"'huihahiMfed"' green. fluorescent protein 
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cDNA adapted for high-level expression in mammalian cells. J. Viroloey 1996: 70:4646- 
... .4(^54, J.qcqrj^oraied herein by reference in its entirety. 

The first Kision gene, designated the "RG fusion gene," SEQ ID NO:l"and 
shown at the top, of Figures J and 2, contains the Renilla cDNA linked at the modifieii 3* end 
5 to a fifteen polynucleoti^ie linker sequence encpdirig five amino acids, Ala-Ala-Ala-Ala-Thr, 
^; . . .residues.312-316.of SEQ ID NO:l, followed by the 5' end of the intact GFP cDNA. The 

second^ ftision gene, designated the "OR fusion gene," SEQ ID NO:2 and shown at the bottom 
of Figures 1 and 2, contains the cDNA of GFP linked to a twenty-seven polynucleotide linker 
sequence encoding nine amino acids, Gly-Try-Gin-Ile-GIu-Phe-Ser-Leu-Lys, 'residues 239-247 
10 of SEQ ID NO:2, followed by the 5' end of Renilla cDNA. Both genes were placed into 

prokaryotic pGEM-5zf(i-) and eukaryptic pCEP4 expression vectors, and transfdfrned into E. 
coll, and various n)amni,?ilian cell lines, and microinjected into mouse embryos. PT, was the 
bacterial T7 promoter used for gene expression. P^^p,,. was the CMV prdhioter useci for gene 
expression in mouse, fibroblast cells, embryonic stem cells and mouse embryos. 
15 Unexpectedly, Qnly„ceHs transfpimed with the RG fusion gene gave strong 

fluorescence while, the ce.Us containing the GR fusion gene exhibited minimal response to UV 
light under the microscope. In contrast, luciferase measurements in homogenates of cells 
transformed with RG.gene^ cassettes or wliH'GR gene cassettes were indistinguishable from 
. .e^ch other in both bacterial and maminalian cells. Further, specirofluorimeter data indicated 
20 -,,.Thai.lherj? \y^s energy , transfer between Renilla luciferase and GFP in the RG fusion gene 
,.^,.containiR2 cells but did not indicate such energy transfer in cells containing the GR fusion 
. ' gene.. The protein expressed in the RG fusion gene containing cells was analyzed and found to 

be. a 65 kDa,polypej)tide^ A detailed description of the construction and expression of the 
' fusion genes, and analyses of their protein products is given below. 

25 . Production of the Fusi ng Gene Constructs: _ 

, ' . - ^ ' • - y-'^ • m^?. fzn z^::c^i:L^- ^^A: •..• '-^ \i 

- - The vectors used for cloning and expression of the gene constructs in E, coli" 

- and mammalian svstems were pGEM-52f(+) (Promega) and pCEP4, respectively.' Figure 3 is 

a map of the plasmids used for cloning and expression of the RG gene construct in £. coli, 

pGEM-5^f{ i::)-RG (top) and the map of the plasmids used for cloning and expression of the 

30 , GR gene cpns,truct in E, coli, pGEM-5zf( + )-GR (bottom). Both were unJe^^ 

transeripiional conti;pl, of T7 promoter. , The E. coli strains which were transformed were 

DLTlOl and DH5a. . . .. .. 
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■ Similarly, Figure 4'Vs a map of the'fjlkmids Wed' Tor cloning ahff expression of 
the RG gene. construct in iMmiMlian sy«^^ rhap of tKe plasmids 

used for cloning and expression of the GR gene construct in mammalian systems, pCEP4-GR 
(bottom)! Both were under the transcriptional control'of CMV promoter'. The mammalian 
cell line that was transformed was LM-tk" embryonic stem'celis and embryos: - - 

Five primers were desigiied'for cloning the RG and GR 
underlines indicate Shine-Dalgarno sequences! DouWe uhderliiies iridicate the restriction sites. 
The Stan codons are in bold . Sequences in bold itajics indicate'the removal of stop codons 
from both rwc and g/^y, genes. ...... 

I>rimer 1, SEQ ID NO:3: RTirs ' S;rTGCAG fPstI) 
' " ^ ' ' ' AGGAGG AATtCAGCTTAAAGAtG3' ' - : •-. 

' Prirner, 2- SEQ ID NoU: ' ' R'uC3: 5 'SC^Sg^ (Not I) 7TG fTCAtTTTTGAGAAC3 ' 
Priiiers/sEQID NO-S: ' GFP"5:^ 

CCATG AGCAAGGGCGAGGAACT3 • 

Primer 4, SEQ ID NO:6: GFP3: 5;GC5S£iIAa: (KpnI) ^ i> 

.. : M-^ .;; ;,. I. J.-.. ' ■ ' 

Primer 5. SEQ ID NO:7: GFP5a 5' CCCG^ (Smal) " 

,/u -■: Jj-.:i. i:i:r^u:on: . -•:■;..;•.).•: ;.vj ■ a;: ■• . .■.■■'3..!cL.. jr/Ju -i;;! -:r.'.- ^i'4\- ■ 

AflGAGG TACCCCATGAGCAAGS' . 

" '" ' The ^^em7/a lu^^^ 

luciferase ftision gene (GR gene cassette) were constructed by Temovmg-the? stop 
codons, and by adding restriction sites and Shine-Dalgamo sequences to the -5 end ot the 
cDNAs using PGR accordifig^'o l^^^ The PGR 

products were cloned using the pGEM-T system (Promega Corporation, Madison. WI). 
Primers were designed so ihat^he doVn^tfe^^^ cDNA is in frarne wfth the Utjstream cDNA. 

„The linker sequences are shown in Figures T and" 2 atcffefibed abOVe-.- After cl6nihg, the 
RG and GR gene' casse^^^^ cdritrol of T7 in pGEM-5zf(+) 

' vector and^CMV inVcfeP4^ vector ; which we^ to/t and mammalian 



cells, respectively ^ ^ 

n>.ter y^inatToP nf^arti^v o f" fit'^inn '^^^^ theif' COrfe'sHondinV mtgltl prodUQtS :-^- 

■ ' "gFP activity Vn W^ was visualized as follows."" E. ifo/z itrain DHSd Was 
tri«iformedwi:th''lli^as^ 

were identified and cultured in LB medium with 100 /xg/ml of ain^fc'illirf'seleciion; according 
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; to.;techiiique^ laio.wn,tQ,(^se^with^ in the an. Twelve hours later, one drop of E. coli 
culture .w^s put pii a .slide and .yjsualized by fluorescent .microscopy ai 1000 x magnification. 
LM-TK; cells .\yere tr^mfeaed. with piasmids pCEP4-RG and pCEP4-GR using calcium 
. . phosphate method5.4ai9,wn fp.^ in the an. The culture dishes were monitored 

5 using an inyetrted.fluqresjcent mipro^scope 12 hours^after the iransfection. 

- Luciferase activity was assayed as follows. An aliquot of transformed E, coli 
was used..fpr,a luqiferase assay in a Turner TD 20e luminometer (Turner Designs, Sunnyvale, 
CA), both before and after IPTTG. induction. The results were recorded as relative light units. 
Mammalian cells, harvested. 36 hrs after iransfection were measured for luciferase activity. 
10 , . , Corrected pmission^spectra were detected spectrofluorimetricaljy using a SPEX 

fluorolog spectrofluorimeter operated in the ratio mpjde.. Fluorescence emission was excited at 
390 nm., Bioluminescence emission was recorded with the excitation beam blocked following 
the addition of 0.1 ^g of coelenter^zine m acidified^ me_jihanq I. Five spectra were averaged for 
each sample. over a wa.velength range from 4^ 

: - ^ ^-The.fusion^prot^^^ 1 ml 

ofjE. colL{qT>^^\p^.,^^ 40P /xl, of cell susj)ension buffer (O.IM NaCl, 0.01 M 

, Tris-HQ.pH, 7.6. O.^Ql .^..Epi:^,. 100 /zg/m^ PMSF) and 100 ii\ of loading buffer (50 mM 
: Tris-HCl pH 6.8,. 2^^ SJ^^,- |Q%.,g|ycepl, 5% 2 were added... The samples 

\Yere bpilqd.for4 ipiaaiid^lpa^e^^^^ a J.^^J%>r2p.% gradient SDS-pp^lyaci^iamide gel. 
,-^Pqlyclonal; ^tir/?^ y$ed ^as the,prim^^][^^ antibody for detection and goat 

peroxidase anti-IgO (anti-rabbit),^s^^e secpndar^^ 

-v4. ! :. • R^f^r?!"? ^low to Figure 5, there are. shown phoiomicrographs of GFP activity 
in^transformed £. c^/Z^ells (5 A,, Left side) and LM-TK" mouse fibroblast cells (5B, right side) 
.. by. fluorescence microscopy and fluorescence imaging^ As carj be seen, individual coli cells 
and mammalian cells transformed with the I^G i^ision .^ene con^pjct exhibited strong green 
fluorescence under oil . immersion. 

I- -^Referring no>v. to pigiire^, .th^re^ar^^^ ^aghs of luc of 

;: : the gene constructs in E. XoU (top) and .mantmalim.cejls (b The white bars indicate 

activity, before prompter . induct!^ ^The.>jjap^,.b^^^ activity after prornqter induction. 

30 As.can be.seen, cells transformed wiUi„.the.RG J^j^^ significant luciferase 

rr^^j activity, .which is reduced 3-fpld rn the c^Hs transfqmied with the GR fusion eene construct. 
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"'Referr'ing how'to Figure'?, Ihe^V i=s slloWa'^citfii^copi^ W 
Renilla^ac]&^^it activity aVa'CF^'activily in E/cci/if &sforrrfed^^ 

consinicis! As can be seen', iM^c^Mainhig'ReM^^^ C^hoh dashes) show only 

oiie emission peak at approximate!^ 478 lutl. Ceils'cohtiinihi itii^'^R-gene fusion construct 
(light sohd) also show one ehiis^ion peai'k at approximatefy 478 hrti; iiiditatirig /J^/i/Z/a • 
luciferase "activity only . By comrasi/cens containing the RG%eh^^^ construct (heavy 
■solid) sh^w'an emission peak at approximately' 5 I'd lim' With Ixcitad 390 nmi' Cells 
containing'the RG gene fusion construct with the ^iiit'ioh W c6da^fiteriiine^(long dashes) show 
emission peaks at both approximately' 478 mh arid Sia'^Vi iildicatrhg tha^^t energy transfer 
ieVvveen fe/Za luciferase and GFP occurred in thfese^ceils: The' lack of GPP activity in GR 
' gene cassette transformed cell lines could be due to iricOfrect feldirig, due to the requirement 
fi)r'a^free bF^^'C-icrfriihiis: or due to -interference of the linker polyf)ept'de With GFP activity 

' in ihe'fusion protein, among otfe^^ ' ' . 

Referring now'to p'igUre '^V' t^e're' is shown a We^'feirH blot used tb-deteet-fusion 
^ gene expression mr^^byi^ifrti'ai^ Reii^ing from left to^right, ■ f 

■• Oi '-e" lan6'shb^i's thel'ii^l' fft^cW ejCtrict^ The>R" 
■■■^^ikne'sholv^'ttie total pVotcih eitractid^Orti EfcoH c^h^ ri^^nStorinW with tfieiruc-gene| alone. 
^fiie"G^ilneiH6wsth^\^l'W^e^^ 
geHe l^iiir^^ks'A^^fii^ to!/ 'cfeHs itansf(OTned 

20 • ''-''^{h^miiis^i^nW^cSs^ lafte-^lio^^tlfeVotarpF6feiK=6it^ E. '^'^ 

colt cells transformed with tiT«''GRfusi6H*geil^ cassettev'^" - ' 
1: r in -^ -:q^-^^-^^™^i^^= -j^^t^iri b^rkcted fidtn E, co//' cells 'transformed with the rue 
^^"^^ne ^lon^lii^^uc^^ biHd^ of aSc^ut^34•kba^^>rBtett^e^t^^^ from 

i i^xeiiiti^fbftnddrSvlOi thfeRG'fusioh^geri^ cassette ^Itbdtfc^'a banc? with 'a Molecular 
25""'''^ Weghi B? aSi'65'Ci5SP'' p?oteii^'^xt¥abled from £. cdh^^'ceils^Vn'sforTried wi'^^^ GR fusidn 
gene cassette produced a band with a molecular weigl{t'6Fa%out-54 IcDa. Thfese data- imply that 
""^i^idMvM^ GR fiision^gfeWe'baaseiie pfodu&if ificif^i^e^but did not produce 
' ^sion'profem^'-Lch' a'i^i^^^ 

f^i^ric^tie would'^i)iaiiTtt^ " 
J, :a-r:huh - '-^gf^^'i^^ '^i^-iiiir^^' are sfl6wh''phfefehyii:rp|raphs'using--^^ 

' -'^'^fiubri£^ce1to|^ a^ikiVsis il«ns?tkafig'iftfe expi^ssiSn bf the-KG ftisiori gene iii mouse 



is 
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embryonic stem cells transformed. by ejectroporation procedures. Transformed colonies were 
selected based on GFP activity under fluorescence microscopy. 

Referring now to Figure 10, there are shown photomicrograpHs using 
fluorescence image analysis demonstrating the expression of the RG fusion genes in mouse 
5 ..embryos. -The embryos were, injected with the linearized RG plasmid, and in vitro cultured. 
The expression of GFP activity was monitored <l'aily by . fluorescent microscope and recorded 
by an imaging collection system. . , ' . 

Based on this data, we conclude that the RG fusion cohstmct disclosed herein 
can be expressed in both prokaryotic and eukaryotic cells to produce a bifunctional polypeptide 
10 that exhibits both Renilla luciferase and GFP activity. This bifunctional polypeptide is a useful 
tool for identification of transformed cells at the single ceir level based on fluorescence. It 
allows the simultaneous quantification of promoter .activation in transformed tissues and 
transgenic organisms by measuring luciferase activity.' The duaLfunction of this protein allows 
the monitoring of bacterial cells in their Iivm| -hosts a^id the differentiation of cells in the 
15 developing embryo and "throughout thdentiri* ahiiM - ' 

Although the present invention has been ^d iscussed in considerable detail with 
reference to certain preferred embodiments, other enfibodiments are pdssible.^ Therefore, the 
spirit and scope of the appended claims^ should; not be:limiied to the description of preferred 
embodiments contained herein. - ' .u : 
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(i) SEQUENCE CHARACTERISTICS: 
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(D) TOPOLOGY: linear. • - - - 
ixi) SEQUENCE DESCRIPTION: .SEQ ID N6:1.: 

ATG ACT TCG AAA GTT TAT GAT CCA 'gAA CAA AGG AAA CGG ATG ATA ACT 
Met Thr S-er Lys Val Tyr Asp Pro Glu Gin Arg Lys Arg. .Met lie Thr 
1 , ■ 5 .10 

GGT CCG CAG TGG TGG GCC AGA TGT AAA CAA^ATG AAT GTT CTT GAT JCA 
Gly Pro Gin Trp Trp Ala Arg .Cys Lys .Gin Met Asn Val Leu Asp Ser 
20 25 ,30 

TTT ATT AAT TAT TAT GAT TCA GAA AAA CAT GCA GAA AAT GCT GTT ATT 
Phe lie Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn Ala Val lie 
3 5 4.0 4 5 

TTT TTA CAT GGT AAC ,GCG GCC TCT TCT TAT TTA TGG CGA CAT GTT GTG 
Phe. Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg His Xal Val 
50 '^5 • 60 

CCA CAT ATT GAG CCA GTA GCG CGG TGT ATT ATA CCA GAT CTT ATT GGT . 
Pro His lie Glu pro val Ala Arg Cys He He Pro Asp Leu lie Gly 
65 '70 "'S 80 

ATG GGC AAA TCA GGC AAA TCT GGT AAT GGT TCT TAT AGG TTA CTT GAT 
Met Gly Lys ,Ser Gly 'Lys ,Ser .Gly Asn Gly Ser Tyr .Arg Xeu Leu , Asp 
85 * 90 
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CAT TAC AAAATATt CTT" ACT;.GCA':TG(5TjTT"GAA'eT:T- CTT AAT^ CCA^^AAG. 3.36 

His Tyr Lys -Tyr : Leu.-Thr..Ala Trp.: Phe -,Giu . Leu Leu . Asn Leu . Proi iy3 ^ 

100 105 "^^r * ' * iio'" ^ 

AAG ATC AAT'TTT GTC GGC CAT rGAT:..TGG. GGT . GCT . TGT- TTG GCA TTT- -CAT- - 2BA 
Lys lle lie Phe Val Gly. His ;Asp Trp Giy^Ala Cys Leu. Ala. Phe Hi's' . " 

115 120 " 125 " ' ' ■ 

TAT AGC TAT /GATS' CAT.: CAA' GAT AAG - ATC- AAA . GCA- :ATA GTT CAC GCT GAA . . 4 3,2 

Tyr Ser Tyr Glu His Gin . Asp^ Lys lie . Lys -. Ala lie Val His'^Ala Gl'u 

130 135 - . 140 ' '' 

AGT GTA GTA" gat; GTG:' ATT. GAA_ TCA . TGG- GAT: :GAA TGG CCT GAT ATT GAA 4 80 

Ser Val Val- Asp Val.lle-Gl-u Ser .-Trp, Asp. Glu Trp .Pro Asp He gIu , 
145 150 : 155 ' 160' 

GAA GAT ATT GCG TTG: ATC~ AAA" TCT - GAA GAA GGA GAA AAA ATG GTT TTG ^ 52 B 

Glu Asp He Ala Leu:He .LyS:. Se^r, Glu . Glu- Gly Glu Lys Met Val Leu 
165% - 170,' " 175 

GAG. AAT AAC TTC TTC GTG -GAA ACQ ATG. .TTG CCA ,TCA AAA ATC ATG.AGA 576 
Glu Asn Asn Phe Phe Val;. Gl-u Thr; Met Leu Pro Ser' Lys .lie Met Arg ' ' . 

180 * 185 ^ 190 

AAG TTA GAA CCA GAA GAA" TTT . GCA GCA. TAT CTT^ -'GAA CCA TTG-AAA ^GAG . . - .62 4 
Lys Leu GlU-iPro Glu . Glu Phe Al-a. 'iAl.a_Tyx Leu jGlu Pro Phe Lys Glu . 

195 ■200' ' .-. ,.205 ' : ■ 

AAA GGT GAA GTT ' -CGT- * CGT:. CCA^CACA' -"TTA TCA ;TGG„;-CCT..:CGT - GJ^^ CCG - ^ - . 672 

Lys Gly Glu Val -Arg 'Arg. 'Pre t Thx.-'-Leu ...Sec^ Tcp jPrQ:. Arg : Glu lie Pxo- • " 

210 -^^ " 215 ' 22:0 '* ' VT. 

TTA GTA AAA 'GGT'-GGT ."'AAA .:CCT "GAC GTT GTA " CAA ATT GTT • AGG^-. AAT-, TAT . - -720 
Leu Val Ly"s Gly/Giy 'Lys.-.Pro As.p^Val ,Val Gin. lie Val.: Arg- Asn Tyr ' 
225 230 235 ' " . ' 240' 

'AAT GCT T^^t ''CTA'- CGT ;GCA\:AGT GAT: GATLTTA;XCArAAA:. ATG: TTT^, ATT GAA . .. ... 7.68 

Asn Ala Tyi? '-Leu^ Arg Ala Ser -Asp Asp Leu; Pro. Lys Met- Phei lie,. Glu- . .1. . , 

245- 250. ' 255/ * * V ' ■ 

'T^G GAT CGA-^-G^JA -TTC-'TT-I?-" TCC/AAT .GC^^ GC.C- AAG- AAG . j , .-816 

Ser Asp Pgd'-' Gly-* Phie'^Phe i5er AsnjAia.; lle^. v,al- Glu cay- ALas Lys- Lys.- .? W ' 
260 :. ; 265 . . ' ' 2"70* * ."; ' 

-TTT CCT AAT ACO*- GAA TTT . GTC ; AAA; GTA AAA GGJ CTT CAT: TT:T, TCG^ CAA. 8 64 

Phe Pro Asn- T-hr-. Glu - Phe Val Lys Val:, Lys.., Gl^y^ Leu. His Phe. S^er- Gin' ^ ' ' *V 
275 ' I 280 : ^ 285 * ' If - , " " 

-GAA GAT GCA CCT GAT GAA ATG GGA." AAA: TAT. ATC pj^, XPS TT^: GTT GAG. - , .--912 
Glu Asp Ala Pro Asp Glu Met Gly Lys; Tyr:* Ilje' Ly^^s:. S.e.r^ Phe- V-ai. Glu- *, , 

2 90 29 5 3 00 , . j _ 

CGA GTT CTC AAA AAT GAA CAA GCG GCC GCC GCC ACC ATG AGC AAG GGC 9 60 

Arg Val Leu Lys Asn Glu Gin Ala Ala Ala Ala Thr Met Ser Lys Gly 

305 310 -.aa^j . 7" r vr.3.2Q • 

GAG GAA CTG TTC ACT GGC GTG GTC CCA .-^ATT-uCTC .*GTQ GAJ^:ifr!?3 GAT GGC 1008 
Glu Glu Leu Phe Thr Gly Val Val Pro He .:Leu :Val . Gluj-Leu Asp Gly 
325 v330 c:- • .".i,: : .n; /--v^ 335 

GAT GTG AAT GGG CAC AAA TTT TCT GTC .AGC : GGA : GAG.. GGT '^.AA' GGT :j GAT- • 1056 
Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp 

-■■^ 340 . .V- 345 :: "7 r:-'-: at- ^35.0 ■ r-- 

ir- • . --.s :ic ,■ v.:o i-r^ j.-^ -V':: ; ; 
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-CC ACA TAC'^'GGA AAG CTC' ^CC 'CTW-^^t^^^^ :1104 
Ala Thr Tyr- bly Lys Leu- Thr^ Leu^iys- Phe^vjle: Cys .Thr. Thr.Gly-. Lyg : ■ ; 
3^5 360 365 

CTC CCT GTG - CCft TGG CCA- ACft- CTG GTC - ACT • ACC TTC " ACC- TAT GGC-GTG . -.1152 
Leu pro Val-Pro Trp Pro-Th-r.-LeiJ-Vai;Thr Thr:.Phe.frhr.Tyr Gly.Val.:: 
370 375 380 : . . 

CAG TGC TTT'-TCC AGA' TAC CCA ' GAC" CAT ■■ ATG ' AAG -CAG ' CAT4GAC.-.TTT.; TTG -T . 1200 
Gin cys Phe Ser T^rg -Ty-r Pro Asp His Met Lys Gln^His Asp:.Phe Phe - : 
385 390 - - 395 400 

AAG AGC GCc'aTG CC'c GAG GGG TAT GT& CAG GAG- AGA ACC-'ATC TTT TTC : 12 4 8 

Lvs ser Aia^Mef Pro Glu Gly Tyr Val Gin Glu = Arg Thr. Ile Phe-.Phe 
405 410 415 

AAA GAT GAc 'gGG AAC TAC "AAG ACC ^CGC GCT'- GAA" GT^T' -AAG .TT.C GAA GGT . .12 96 

Aso ASP Gly Asn -Tyr. Lys Thr Arg ^Ala- Glu- Val Lys Phe. Glu. Gly . • - 
420 425 430 

= GAC ACC CTG- GTG AAT AGA ATC GAG ^CT^G AAG GGC ATT- GAG TTT AAG- 'GAG - 134 4 

ASD Thr Leu val Asn Arg lie Glu. L^u Lys Gl-y He Asp .Phe -Lys Glu 
435 440 445 

■gAt GGA AAC^ ATT -••CTC -GGC - CAC .AA'G "CT'G ^GAA ^TAC-AAC-TTAT; ^AAC -TCC ..CAQ 1 392. 

ASP Gly Asn - Ile-L^G -Gly -Hi'sCLys-Leu- Glu . Tyr ■ Asn .Ty.r.-Asn -Ser, His 

450 : --:455 - 460 

aXT GTG TAC ATG-'AT^^- GGC"'G«C -AAGICAA :AAGT^^ AAC;., --; .lf>.4 0^^ 

Asn Val Tyr ■ lie '-Met Ala- Asp iLys VGln .Lys- .Asn; -Gly lift /iy5,;Val: .^^^^ ■. -. ■ B. 
465 470 . -• 475 : 480 

TTC AAG ATC- AGA'CAC-AAb^ ATT-- G ' 



1488^ 



Phe Lys lie' Ar^ His Asn lie ' Glu - Asp Gly 'Ser- Val Gin .^eu 'Al^ : Asp . 
0>Z 490 ■ . 49b 

^C:AT tat cAA CAG^AAC act CCA^ATG GGC /G^^^^ CCTAGTGr CTC-CTC^CCAr : : r 163| 

His Tyr GlVpGiyAsh^T^vr- pro Ellis Gly,.-A3p.^Gly^ Pro .:valALe^ALeu^^ : 

-GAC AAC dj^; TP^' cfG' TCC- PiCC CP^^ ^ i^®"^ 

ASD Asn His' Tyr- beu^ Ser^ Thr Ginv Ser Ala- Leu * Ser : Lys ! Asp " Prp::Asi5-, ■ ' z , : 

520 - ^25 



515 



P^GA GAC dAC ATG GTC^ CTG • CTG GAG TTT-^ GTG > ACC: GCT. GCT:. G^A- 
Arg Asy Hi-s^ Met' V-a4: Leu Leu : Glu. Phe - Val Th:r : Ala: Alar' G.ly , 



1632 



"GAA AAG AGA 

Glu Lys Arg .-^ — - - 

- AtC ACA CAT GGG' Af G GAC C^A'G- CTG'. TAC AAG\ TGA - : ' X .^^^^ 

lie Thr ^iS Gl^y Meit^ Asp- <3lu: lieu: Tyr:' L^^s ' : "z; ::^ . 

■545 550 r'^^ 



(2) INFORMATION FOR SEQ ID NO -^2.: 

(1) SEQUENCE CHARACTERISTICS: 

Z^ t -(At LENGTH': 1677 .bass ^ F?ai*l:s 
- =-* '( B h TYPE : ^ nucl-e i c a'cid : ' 
•(C) STRANDEDNESS : single 
(D) TOPOLOGY : linear 
{ xir- SEQUENCE DESCRIPTION: :SEQ ID NO:2:Lr-- 



ATG AGC AAG GGC GAG GAA CTG TTC ACT* GGC GTG GTC cdA ATT CTG GTG 
Met ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro lie Leu Val 
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' ' " .^0M^^ r * ■ 

GAA CTG GAT GGC GAT GTG AAT GGG CAC AAA TTT TCT GTC AGC GGA GAG 96 

Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu 

20 , 25 , 30 

GGT GAA GGT.GAT-. GCC ACA TAG GGA AAG CTC ACC CTG .AAA TTC ATC TGC 14 4 

Gly Glu Gl^y Asp Ala Thr Tyi: Gly L"ys Leu Thr L*eb Lys Phe lie Cys • 

35' -40 / . - -45 ' 

ACC ACT GGA AAG CTC CC.T GTG CCA TGG CCA ACA CTG QTC ACT ACC TTC 192 

Thr Thr Gly- Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe ' 

50 _ ' ■ 55 " ' " 60 . ■ 

ACC TAT GGG - GT-G CAG TGC TTT TCC AGA TAC CCA GAC CAT ATG AAG CAG . _ . 2 40 

Thr Tyr Gly. Val Gin Cys Phe 5ef Arg Tyr Pro Asd Hi's Met Lys GXn * 

65 70 " ' 7 5 '80 

CAT GAC TTT TTC AAG AGC GGG ATG CCC GAG GGC TAT GTG CAG GAG AGA , . 2 68 

His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gin Glu Arg 

85 ' ' ' 90 -as " • 

ACC ATC TTT TTC AAA GAT GAC GGG AAC TAC AAG ACC CGC GCT GAA GTC • - 336 

Thr lie Phe* Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val 

100 105 ' : . 'no " ' 

AAG TTC GAA- GGT GAC ACC CTG GTG AAT AGA *ATC ,GAG -CTG AAG . GGC - ATT 3 84 

Lys Phe Glu Gly Asp Thr Leu Val Asn Arg lie .Glu Leu Lys Gly . lie * - 

115 120 . • - ; 125 ' " - • - 

GAC TTT AAG GAG GAT GGA AAC A'HT CTC 'GGC ICAG -AAG ICTG :.GAA ' TAC . AAC .4 32 

Asp Phe Ly's Glu Asp Gly Asn lie Le-ii Gly :K-rs Ly^s : Leu . Glu Tyr Asn . ' 

130 135'^ 140 • 

TAT AAC TCC CAG AAT GTG TA'C ATC ATG IGCC ^GAC -AAG CAA AAG : AAT ..GGC/v . V.-- 4 80 

Tyr Asn Ser- Hi's Asn Val Tyr lie -Met Ala Asp -Lys Gin LyscAsn -GlyJ ■ . ' 

145 150 :^.,r 155 : 16o" 

ATC AAG GTC AAC TTC AAG ATC AGA CAC AAC ATT GAG'GAT GGA ^' TCC ".GTG , :: 528 

lie Lys Val Asn Phe L-ys ^lle Arg His Asn ' li e ^-Glu ' Asp* Gl y:-Ser . Val .* 

16-5 '17 0 017 5 

CAG CTG GCC GAC . CAT "TAT CAA CAG AAC- ACT'- CCA- AT C^ GGC- G^ - 57 6 ' 

Gin Leu Ala Asp His Tyr Gin Glh Asn * Thr - Pro*^ lie ' Gly-' A&p Gly ' ^P / 

180 . 185 ' 190 ' • 

GTG CTC CTC CCA GAC AAC CA^^ ACc' CAG ' TCT' GCC" CTG^-tCT *' 624 

Val Leu Leu Pro Asp TVSn His Tyr Leu Ser ' Thr*: Gin Ser- Ala- Leu- Ser- - , 

195 200 205 - • 



AAA GAT CCC AAC .GAA AAG AGA GAC 'CAC ' ATG GTC_ CTG CTcf ^^AG TTT"•'GTG 
L y s Asp Pro As n G lu " 1^ y s Ar g Asp His Met " V a 1 L e u '' ^e & Gl d' Vh e^ vk 1"- 
2X0 215 ' 220^^^ ^ 



672 



ACC GCT GCT GQG ATC ACA "CAT " G(^C ; ATG] GAC VSag'::CTg' '^^ 720 
Thr Ala Ala Gly lie Thr His dly -Met Aip' feiu" Leu Tyr' iys^ lily" 'Tyt"'^ - ' ■ 
225 230 * 235 ' 240 



CAG ATC GAPl TTC AGC TTA AAG ATG . AGT,^ TCG*' AAA^ GTT .GAt; ICCA 'GAA''' : * : 7 68 

Gin lie Glu Phe :Ser Leu Lys Met Thr ? Ser Lys" Val Tyr ' Asp "Pro' Glu " ^' ' ' 
245 "250 "^255 

CAA AGG AAA :<:GG ATG,,ATA. ACT . GGT^. C^GG^CAGVTGG. ^ ; , ? 816 

Gin Arg Lys Arg Met^Ile Thr ciy Pro' Gin Trp" Trp Ala Arg dys Lys" ' " 
260 265 ' 270 

CAA ATG AAT GTT CTT-. GAT iTCA; TTT ATT, :.^At/ TAT/iTAT^'CAT -f CA' q -AAA' ' / 8 64 
Gin Met Asn Val Leu Asp. Ser Phe lie Asn Tyr T-«yr Asp' ser^Glu Lys/ ' ^ 

14 



BNSDOCID: <WO 9814605A1_L> 



PCT/US97/17162 

WO 98/14605 



275 



280 285 



CAT GCA GAA AAT GCT GTT ATT TTT TTA CAT GGT AAC GCG; GCC TCT TCT; 912 
His Ala Glu Asn Ala Val lie Phe Leu His Gly Asn Ala Ara Ser Ser ' ■ 
290 295 '300 



TAT TTA TGG CGA CAT :gTT GTG CCA CAT ATT GAG CCA GTA GCG CGG TGT; 
Tvr Leu 'Tirp Arg His Val Val Pro His lie Glu pro Val Ai'a-Ar'g Cys 

310 315 320 



305 



GAA GGA-GAA:AAA:ATG/.GTT:TTG -GAG:AAT:AAC,^^^^^ TT.C ,GTG -GAA AGG ATG 
Glu Glv ' Glu 'Lys^Ket. Val. .ineu -,G±u ^^AsTi ..Asn ^Phe ,Phe yaj. .Glu Thr Met 

.'■•420 - -4-2 s> ' 5:30 



TTG cCA -7.eA .AAA' ATC-;;^G'.AGA.:AAG->TTA^^ GAA .TT-T -GCA GCA ... 

Leu Pro Ser' Lys-^-iie.Met .Arg..,^ Pro .Giu GUi ,Phe Ai'a Ala , 

435 ' .*;' " 440 4'45 

TAT CT'-'GAA , eCA^-;'I;TC"■'AAA ■GAG ..AAA~GGT::,.GAA -GT-T .CGJ -CGT QCA J^CA TTA . 
-vr Lei!^ Glu Pro: Phe:.LW'^''Giu:L:ys:Giy.4^^^ Val Xrg .A.£^ Pxp 'Jhr Leu 
450 ^ 455* 4-€0 - ^ -^^ 

-CA TGG-.CCT-.^T^.GAA..ATC .CCG^TTA..,GTA AAA GGT .GGJ .AAA CCT GAC GTT 
ser Trp Pro >rg Giu.^le' Pro^U^^^ Gly .Gl.y .L^^s Pro ASp Val 

465 ""''^ ^'^"^^i^ ' ' '^"^^ ' ' 

GTA CAA ATT-.GTT AGG. J^T T^T. AAT. GCT..TAT .CTA ,CGT GCA AGT GAT GAT ^ 
Val Gin 'ne-'Var*')Crg'A5n T^r' A^ Leu 'Arg "lAra Ser Asp Asp ^ 

TTA CCA AAA ATG TTT ATT GAA TCG GAT^CCA GGA TTG TTT TCC AAT GCT 
Leu Pr6*"Lyi" MeC->he" ll-e t^lu**%6r- Asp" P^o= Gly PWe 'ihe-se^ Asn -Ala 

i ^ j^^. It-.-. 

ATT GTT GAA GGC GCC AAG AAg' TTT CCT AAT ACT GAA TTT GTC AAA GTA 

He Val'-^lu'^Gli^'^Ala - Lys'^-^^^^ Pro- Asn Thr Giu • Phe'^Val ■ Ly^ -V-al •- 

^V^l^r- •* ■--•^ ^ '''520^'- -525^:3M -•:Avi. : 

AAA GGT CTT CAT TTT TCG CAA GAA GAT GCA CCT GAT GAA ATG GGA AAA 
Lvs GIV" Eeii 'Hii-Phe*''ser- Gin- Glu-'Asp' Ala Ko ' AspTGlu : Met .Gly O-Vs / " 



960 



ATT ATA CCA GAT CTT ATT GGT ATG GGC AAA TCA GGC AAA TCT' GGT- AAT ■ 1008 

He He 'Pro Asp Leu lie Gly Met Gly Lys Ser Gly L^^s Ser Gly Asn- - 
■ 325 330 335 

GGT TCT TAT AGG TTA CTT GAT CAT TAG AAA TAT CTT ACT GCA TGG TTT' ' 1056" 
Glv ser Tyr Arg Leu Leu Asp His Tyr Lys tyr Leu Thr- Ala Trp Phe - - 

-3'4 0 34 5 3 50 

GAA CTT CTT AAT TTA - CCA AAG AAG ATC ATT TTT GTC GGC CPJT GAT TGG. ^ 1104 
Glu Leu L^eu-Asn Leu Pro Lys Lys He He Phe Val Gly His Asp Trp 
355 360 365 

■ GGT GCT -TGT -TTG " GCA -TTT -CAT TAT AGC TAT GAG CAT CAA GAT AAG ATC . ■1-152 
Glv Ala -rVs 'Leu -^Ala Phe '--His ^Tyr Ser Tyr Glu His Glh Asp Lys Il.e 
^ 370 - - 375 ' 380 

AAA GCA AtA' GTT -XTAC ^GCT GAA ::AGT:.GTA GTA GAT GTG ATT GAA TCA TGG. 12 00 

Lvs Ala -He -Val mis -AXa -Glu ,Se^r V^l Val Asp Val He Qlu Ser. Trp ^4 , 

385 390 ;-• 395 . ' 400 ^ , 

■GAT GAA'^TGG^CGT' GAT/ATT GAA . GAA "GAT ATT GCG. TTG AT-C AAA TCT GAA. ^ 1248 
AsD Glu Trp :Pro : Asp He -Glu .-Glu Asp iHe Ala Leu 11^ Lys Sep Glu, 
^ — 405 410 : 415 



, 1296 

f ^ ■ 
.13.4 4 



1392 



1440 



1488 



1536 



1584 



1632 
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TAT ATC AAA TCG TTC GTT GAG CGA GTT CTC AAA AAT GAA CAA tAA* ' " ' * 1677 
. Tyr. lie -;.y,s,. Ser P,he ,Val ,<?lu. Arg Val Leu .Lys Asn Giu Gin 
'^4 5 • •• ■■ '550'^^ • ' ' ' ' -'Sbb '* ■ 

(3) INTORKATION FOR SEQ ID NO: 3: ■ ' 

(1) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 29 base pai-rs ' ' ' ' ' - ■ ' 

- . . .(B). type:: nucleic acid 

(C) "3TRXNDEDNESS': 's'ingle * " *■ ' 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : " ' 



CTGCAGAGGA GGAATTCAGC''TTAAAGATG 



(4) INFORMATION FOR SEQ ID NO: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) -LENGTH:' 26 tiase" pairs . : ' ) ■ \T i 

(B) TYPE: nucleic acid 

iC) STRANDEDNESS : Single ■ : / - . . .. 

(D) TOPOLOGY: linear 
(xi )* SEQUENCE DESCRlPtibN: SEQ ID ''NO:4: ! ; ■. ; 

GCGGCCGCTT GTTCATTTTT GAGAAC ,r:r.'.:26 

(5) INFORMATION for'^SEq ID NO:5:: - .:.v7:t:; .ii i :.V ;\.:;r:- 

' il) SEQUENCE CHARACTERISTICS: 

" (A) 'LENGtH :"-irO babe^p'^ijES^ i ^ ^ ^ ! ' 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

' .:. {ixi=>' sequence - qEscRiPTiONrsEQ.:i;D.;NQ:r5::'^' - ':; 

.GGGGTACCCd'^ATGAGCAAGG-JiGGGAG^AACT' • . . . ..^ ,r r30 

(6) INFORMATION FOR SEQ ID NO : 6 : p - , 

(!) SEQUENCE CHARACTERISTICS: 

' " .-^ i ;'V(A^)::'LENGTi3::: ,3a;„base^ pairs ^'f.; a 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single -^s- M -jr. y , .] 

(D) TOPOLOGY: linear . . . . > . _ . . 

r.i'' .'i -■ixl:-)^ ^EQpE'IvICEr-DEiSCJ^IPTipyc'SEQ-.^ LHtl lf\ '/y.r - i 

(7:) XWrORMATI-GN -FOR'_:S,EQ.::ip NO: 7 : ... - ; ; : - • ,f: - 

(i) SEQUENCE CHARACTERISTICS:' *' ' *'* ^ 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
'\ ' . ^L-'i-G') STRANDEDNESS:. single- . -70. , a 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION :iSEQ ID NO:7: ^. , \-r--> 

CPCGGGAGGA* GGTACCCCAT GAGCAAG- - • -v- , r>n 

.;:0>: a; O:- .:;v:t 



1^, 
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1 . A protein Comprising a'pblypfeptide having both luciferase and ^GFP activities or 
biologically active variants thereof. . . - . . : . 

2. A recombinant protein according ip claim. 1 . . . . : :^ ' 

5 3. A protein according to claim 1 , having an amino acid" sequence as set forth in SEQ 

IDN0:1. . j'':., \.: 

4. A high affinity monoclonal antibody which jrranunoreacts with the. poly peptide of 

claim 1. - , 

5. The antibody of claim 4 having an Fc.pqytiph selected from the group consisting of 

10 the IgM class, the IgG class and the IgA class. ' " ^. 

6. A protein recognized by a monoclonal antibody having affinity to the polypeptide of 

claim 1. ■ * - 

7. The protein of claim 1 in purified and isolated fojm. '. . f 

8. A DNA sequence coding for a^protf in according to- claim^ 1 , of its complementary 
15 strands. o .- : : ^t^^c-^^:..-..- " : 

9. A DNA sequence which hybridizes to a DNA. sequence according to claim 8 and 
which codes on expression for a polypeptide havingrboth luciferase and GFP:activities, or its 

complementary strands. "v^. ' . ' . ^ vr : . ^ 

10. A high affinity monoclonaT antibody:: which •imraurioreacts. with a polypepti4|- 

20 having both luciferase and GFP activities.^.. :?:oi:.ij: -::-.:TC ^ 

11 . A purified and isolated DN A^ molecule-comprising ^ polynucleotide coding for a 
- polypeptide having both luciferase and GFP activities, of its'^complementary strands: -- 

12. The DNA of claim 1 1 , wherein the p9iynucleotidexcrapri^^^^ the sequence as set 
forth in SEQ ID NO: L ; . 

25 13. A vector conuining a DNA molecule coding- for a po^^ having both 

luciferase and GFP activities. " " - - ' - - ■ 

' - 14. The vector of claim 13, wherein the polynucifeotide comprises the sequence as set 

fonhinSEQIDNO:!. 

15. A prokaryotic or eukaryotic host cell stably transformed or transfected by the 

30 vector of claim 13. 

16. A medtiod of making a polypeptide having both luciferase and GFP activities, the 

method comprising the steps of : 
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* r _.*i;r , {, '.- (a) c'ulmringiavmicrcprgamsm poiynudeotide coding for a 

polypeptide having both luejferase and .GFP-aGtivities; and 

(b) tecoveringTthe; polypeptide having bcth.luciferase and ,GFP activities. 

17. A method of quantifying promoter activations and GFP fluorescence based on 

5 luciferase activity measurements, the method comprising the step of providing the polypeptide 
according to claim 1 . 

18. A method of making a monoclonal antibody which immunoreacts with a 
polypeptide having both luciferase and GFP activities, the method comprising ±e steps of: 

(a) administering to a host a polypeptide having both luciferase and GFP 
10 activities in an amount sufficient to induce the production of antibodies to the 

polypeptide; 

(b) recovering the antibody-producing cells from the host; 

(c) forming cell hybrids by fusing the antibody-producing cell to cells capable 
of substantially unlimited reproduction; 

15 (d) culturing the hybrids; and 

(e) collecting the monoclonal antibodies as a product of the hybrids. 

19. A method of monitoring gene expression quantitatively and qualitatively in a cell 
using a gene fusion construct coding for a polypeptide having both luciferase and GFP 
activities, the method comprising the steps of: 

20 (a) providing a gene fusion construct coding for a polypeptide having both 

Renilla luciferase and GFP activity; 

(b) introducing the gene fusion construct into the cell; 

(c) maintaining the cell containing the gene fusion construct in a manner 
allowing the cell to express the polypeptide; and 

25 (d) measuring the cell for luciferase and fluorescent activity. 

20. The method of claim 19, where the step of providing comprises providing a 
construct including a polynucleotide sequence as set forth in SEQ ID NO: 1. 

21 . A method of monitoring gene expression quantitatively and qualitatively in a cell 
using a gene fusion construct coding for a polypeptide having both luciferase and GFP 

30 activities, the method comprising the steps of: 

(a) providing a gene fusion construct comprising the protein of claim 1; 

(b) introducing the gene fusion construct into the cell; 
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allowing the cell to e?q)ress the '^^^^ v .> r^-r . 

- ■ ' - " ^(i) measuring thexell Tor ■luciffera'Se^and iluorescent activity . 



.,. ■ . : i., • '^^ "- ' ■ . " ■ r ' . 

To j:V;J V' • ^: Ov; ^a: e^"*: ■ - : ...^^if 

[:0.>1 9^2 n: rr/:: ^ ^ '"^/r'^lo-; .1 /: 
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Fusioii Geee Cassettes for Maminaliaii ceils 



I. EG 

\ i-.- 
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- ^ ^. ' J^^c: c , . Gcc G.c c a cc '. 
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must be paid. 

Group 1. claiin(i)l-3. 6 and 7. drawn to a fiision prolnin having both luciferase and GFP activilics 

Group llv ilaim(s) 4. 3 and^lO, draw» to a n»oooolooal antibody--igiinsr«iid^fii«oo ^.rottrtn. ' - ^ ^. 
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Group rV. claim 18. drawn to a molbod of making a monoclonal antibody. 

Group V. elaim(s) 19-21. drawn to 2nd method of use of DNA encoding fiisioo protein. 
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known in the prior art. An antibody agaiost both proteins are known. Tbeiefore, a fusion protem contammg cithe^. 
luciferaM. or GFP lack, a special technid feature with a DNA encoding thereof and «i antibody agamst it 



» drmwD to materiftlly different methods. Method of Group rV employs immunizaWMi. 



InventioDS of Groups IV and V^aro 
encoding a fusion protntn. 

PCT Rule I ^?5(a) db^^^piSyi^fti^ ^Itip^lii >^t»tt< Wteethrias ^itf if ^ffigli M^i6M^€^r^^^^ *«iitM orf 
invention is lacking with regard to Groups J-V. _ . 
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